Large arachnoid granulations (AG) within the dorsal superior sagittal sinus (SSS) have been incompletely characterized and can be confused with pathology. This report reviews the characteristics of these anatomic structures to establish common imaging features that allow differentiation from pathology.
A rachnoid granulations (AGs) are normal structures that can be demonstrated on CT and MR imaging. 1 They typically are identified as CSF attenuation or signal intensity protuberances projecting into the lumen of the dural sinuses. 1 Although most commonly identified on standard imaging studies in the midlateral transverse sinuses (TSs), 2,3 when more detailed high-resolution MR imaging examinations with contrast are used, they can be identified throughout the dural sinuses. 4 Rarely, large AGs have been described in the dorsal (posterior inferior) superior sagittal sinus (SSS) on imaging 1, 5 and on anatomic assessment. 6 Because of their infrequency and large size, they can be misdiagnosed as a thrombus or tumor in this location. 5 We have identified 12 cases of large AGs in the dorsal SSS on MR imaging (1.5T and 3T), and describe their appearance on standard MR pulse sequences, time-of-flight MR venography (MRV; TOF-MRV) and contrast-enhanced MRV (CE-MRV). We compared these cases with the few cases reported previously in the literature and established common imaging features that allow differentiation from pathology.
Materials and Methods
Twelve cases of large AGs in the dorsal SSS were identified during clinical assessment of MR imaging from 2005 to 2006. The diagnosis was based by using criteria established from previously reported cases of AGs on MR imaging. [1] [2] [3] 5 These cases came to our attention during routine daily imaging readout sessions and during consultations with other radiologists or clinicians in the cases in which alternative pathologic diagnoses were offered on initial interpretation. A radiology report search for the term "arachnoid granulations" was also performed over this time interval to identify other cases in the dorsal SSS. There was no cutoff value of size below which AGs in this region were excluded from the study. AGs are very well-defined CSF-like signal intensity protuberances extending into the dural sinus commonly associated with adjacent entering cortical veins. They do not exhibit signal intensity or enhancement characteristics suggestive of a thrombus or tumor. 1 Additional features are outlined in the Results section.
Imaging Parameters
MR imaging was performed at 1.5T (6 cases), 3T (5 cases), and 0.7T and 3T (1 case; Table 1 ). Five cases also had CT imaging (3 with contrast), 4 cases had TOF-MRV, and 2 cases had CE-MRV. MR imaging included an axial fast spin-echo T2-weighted sequence (FSE T2WI; TR, 3000 -4000 ms; TE, 80 -123.6 ms; echo-train length, 12), axial fluid-attenuated inversion recovery sequence (FLAIR; TR, 10,002-10,004 ms; TE, 123.4 -142.0 ms; inversion time, 2200 ms), diffusion-weighted imaging (DWI; echo-planar imaging, TR, 11,700 ms; TE, minimum; b ϭ 1000; 3 directions and b0 image), and an axial spin-echo T1-weighted sequence (T1WI; TR, 350 -400 ms; TE, 8 -9 ms). Section thickness was 4 mm with no intersection gap for these sequences. Postcontrast T1-weighted images (CE T1WI, after intravenous administration of 0.1 mL/kg of gadolinium) were also obtained in both axial and coronal planes at 1.5T and 0.7T by using 4-mm section thickness. At 3T, axial and coronal 3D fast-spoiled gradient (FSPGR) images (TE, minimum full; flip angle, 20°; 352 ϫ 224 matrix; 1.25-mm section partition) were obtained after the administration of contrast. If CE-MRV was performed, postcontrast images were obtained by using the contrast dose listed below.
TOF-MRV was performed by using both axial and coronal imaging planes (256 ϫ 128 matrix; flip angle, 50°). CE-MRV was performed using a modification of a previously reported elliptic centricordered high-resolution technique 7 (spoiled gradient sequence; TR, 7.0 ms; TE, minimum (1.3 ms); flip angle, 35°; matrix, 320 ϫ 320; FOV, 25 cm; section thickness, 1.3 mm; NEX, 1.0; bandwidth, 62.50 kHz; elliptical centric encoding; imaging time, 3 minutes 24 seconds). Scanning was performed in the sagittal plane from ear to ear. A total of 30 mL of intravenous gadolinium was injected at rate of 3.0 mL/s for this sequence. The MRV acquisition was initiated after a 10-second delay after the bolus was detected in the cervical carotid arteries by MR fluoroscopy. CT imaging was performed at a section thickness of 5 mm, with no intersection gap.
Imaging Analysis
Each case was evaluated carefully to assess size, signal intensity, morphology, enhancement, adjacent venous anatomy, calvarial morphology (inner table scalloping), sinus stenosis, location relative to the lambda (junction of the sagittal and lambdoid sutures), and linear distance from the center of the torcular herophili as measured on sagittal images. In selected cases more advanced reconstruction techniques were used using a 3D workstation (Vitrea 2; Vital Images, Minnetonka, Minn). A literature search was performed using the search terms "arachnoid granulations" and "pacchionian granulations" in PubMed and Google Scholar to identify other reported cases. These reports were tabulated and compared with the current series (on-line Table 1 ). A tabulation of previous imaging and anatomic descriptions of AG was also made for assessment of the frequency of dorsal SSS AG (Table 2) .
Results
An overview of the results is given in Table 1 . There were 5 males and 7 females in the study group with an age range of 2-64 years of age (mean, 37 years). Eight patients presented with headaches, 1 patient was imaged to follow-up multiple sclerosis with new left leg weakness, 1 patient presented for evaluation of acute ischemic stroke, 1 presented with seizures secondary to a right frontal astrocytoma, and 1 presented for evaluation of developmental delay. In 1 patient with headache, there were findings consistent with a Chiari I malformation. In the other 7 patients with headache, no explanatory imaging findings were present. In 4 cases, the initial outside imaging interpretation of the large AG in the SSS was pathologic (thrombosis in 2 cases, meningioma in 1, and possible dermoid in another).
In all of the cases, a T2 hyperintense projection into the SSS was noted, similar to CSF signal intensity (Fig 1) . On T1WI, 8 were hypointense, and 4 were hypointense with mixed areas of isointense signal intensity. On FLAIR imaging 7 were isointense, and 3 were hypointense (2 patients did not have FLAIR sequences performed). The signal intensity on DWI was hypointense relative to the brain (increased in signal intensity on apparent diffusion coefficient maps) in all 11 cases in which it was performed (Table 1) .
Direct connectivity of the center of the AG could be identified with the subarachnoid space on FSE T2WI and highresolution CE T1WI (Fig 2) . In 9 cases, internal flow voids or enhancing vessels could be identified (Figs 2 and 3) . No masslike enhancement was noted. In all of the cases, a cortical vein could be identified entering the sinus directly adjacent to the AG (Figs 2 and 3) .
The average size of the AG was 8.1 ϫ 9.4 ϫ 10.0 mm (range, 4 -19 mm). Average diameter stenosis of the SSS secondary to the AG was 57% (range, 20%-86%). In 10 cases there was 50% or more diameter stenosis of the SSS lumen. On MRV, AGs appeared as focal well-defined defects, displacing and distort- ing the lumen of the sinus. In 6 cases, the AG was associated with septation of the SSS. Often multiple (Ͼ2) distinct lumens were visible around the margin of the AG (Fig 3) . Smooth remodeling of the inner table was noted related to the AG in 10 cases. In 5 cases, the remodeling was very prominent (Figs 1  and 2 ). The average vertical distance of the AG from the torcular herophili was 46 mm (range, 26 -62 mm). Eleven AGs were in the direct vicinity of the lambda, with 1 AG occurring 12 mm above the lambda. All of the AGs were within 3 mm of the level of the posterior margin of the parietal-occipital sulcus. The review of the literature identified 9 previously reported cases of large AGs in the dorsal SSS. None of these were described by 3T or high-resolution CE-MRV (on-line Table 1 ).
Discussion
In this report we described 12 cases of large AGs in the dorsal SSS, with the following imaging characteristics: CSF-like signal intensity, direct extension of the subarachnoid space into the granulation via a focal absence or rent in the sinus dural margin, intrinsic vessels (presumed to be displaced cortical venous structures or sinus septations), identification of directly adjacent cortical veins, and typical location (near the lambda, at the level of the posterior margin of the parietooccipital sulcus). None were bright on FLAIR, and there was no diffusion restriction or intrinsic masslike enhancement. This morphology closely resembles previous case reports of this entity. 1, 5, 8 The signal intensity of AGs in this study was isointense to brain in 7 of 10 of the cases in which FLAIR sequences were performed. In each case, CSF in the subarachnoid space was more hypointense. This may be due to pulsation artifact from the adjacent sinus and differing CSF flow characteristics within the granulation.
The finding of intrinsic vessels within large AGs (presumably displaced veins within the granulation or sinus channels) has been described previously. In case 2 described by Mamourian and Towfighi, 5 a note of linear low signal intensity crossing the dura into the AG pedicle is made, similar to the intrinsic vessels seen in our cases. In the contrast-enhanced CT images in the article published by Kan et al, 9 intrinsic vessels within the granulation are also well seen, though not described in the text. In a report by Chin et al, 10 demonstration of internal flow voids was identified in a left TS AG, compatible with venous channels. Farb 11 describes a displaced eccentric internal vein in 97% of AGs greater than 4 mm in diameter by using high-resolution CE-MRV. This finding should be used as strong supporting evidence for the diagnosis of AGs.
A characteristic location of the granulations was shown in our study (2.6 -6.0 cm above the torcular, near the lambda and posterior aspect of the parieto-occipital sulcus). Evaluating previous reports also demonstrates a similar position in most of the reported cases.
1,5,6,8,9 Browder et al 6 described 2 AGs in the dorsal SSS at 4.5 and 6.0 cm above the torcular. The primitive falcine sinus terminates near this position. 12 It may be that a relative weakening in the dura may be left as the sinus involutes, allowing the formation of larger-than-normal AG at this position during further development. The entry of cortical veins adjacent to the AG could also produce a potential weakening in the sinus wall as the vessel enters the sinus, allowing for displacement of subarachnoid space and adjacent vessels into the sinus lumen. 13 Calvarial remodeling is common with AGs of the SSS or lateral lacunae 14 and has also been described with those adjacent to the TS and temporal bone. 15, 16 In 10 of our cases, smooth calvarial remodeling was noted, in 5 cases to a marked degree. This has also been demonstrated in previous reports of dorsal SSS AGs. 1, 5, 8, 9 Septations in the SSS were noted in 4 of our cases, adjacent to or involving the region of the AG. This has also been documented 9 and suggested 5 in other reports. Most published images of SSS AG in this region are large (Ն10 mm), 1, 5, 8, 9, 13 as contrasted with a smaller size in the TS and SSS. 1, 4 Of dorsal SSS AG cases described in the literature with reported measurements, maximal dimensions are between 4 and 24 mm (average, 12 mm; current 12 cases in addition to 4 previous cases with measurements). This is significantly larger than the average size of AGs in general reported in previous studies (4 -5 mm) in which most AGs were measured in the TS and anterior SSS. 1, 3, 4 Although in part this may be related to selection and reporting bias, review of careful anatomic and imaging studies 1, 4 supports that, when AGs occur in the dorsal SSS, they may indeed be larger.
Despite the prevalence of AGs visible in the dural sinuses on imaging studies, 4 AGs in the dorsal SSS have been reported rarely. Compilation of the literature on AG location identified by imaging and anatomic assessment is given in Table 2 . Evaluating imaging studies by using both noncontrast and contrast-enhanced techniques and unselected patients 1, 4 gives a prevalence of dorsal SSS AG of 1 (0.17%) of 573 by CT 1 and 7 (3.50%) of 200 by MR. 1, 4 By anatomic assessment, prevalence , and postcontrast T1WI (E and F ). Typical appearance on multiple pulse sequences. Note the large AG with associated defect in the dura (arrows, C ) along the rightward margin of the SSS. Note intrinsic vessels, which appear to be displaced cortical veins or channels (arrows, E and F ). There is focal calvarial remodeling. is 2 (0.6%) of 324. 1, 6 This is much less than the reported prevalence of AGs in the TS (as high as 69% of patients). 4 Relationship to patient symptoms is uncertain. Symptoms have been ascribed to large AGs in previous reports 17 ; however, most are probably asymptomatic and should be regarded as a normal variant. In 7 of our patients with headache, no other imaging-identified cause of headache was elucidated. In 1 case of large dorsal SSS AGs in a patient with headache, Kan et al 9 performed intrasinus manometry within the septated venous channels around the AG and found no evidence of a pressure differential. In an additional patient with a focally depressed skull fracture directly impacting and severely stenosing the posterior SSS without thrombosis, clinical presentation with headache and the intracranial hypertension syndrome was present resolving with fracture elevation and resolution of SSS stenosis. 18 This report documents that SSS stenosis in this region can be symptomatic.
Differentiation from other pathology is important, as evidenced by the 4 cases in our series originally called thrombosis or tumor. If not correctly diagnosed, inappropriate therapy (anticoagulation or surgery) may have occurred in these patients. Differential diagnostic considerations for a mass in this area include meningioma, dermoid, and epidermoid. The imaging characteristics in our cases are not compatible with these diagnoses. No fat signal intensity or attenuation is noted to suggest dermoid, no diffusion restriction to suggest epidermoid, and no enhancement to suggest neoplasm, such as meningioma, were present.
The major limitation to our study is that it is a retrospective review of identified cases by 1 group resulting in selection bias for AGs in this region. This is not a population-based study, so comment as to the true (or relative) incidence cannot be made. Although the finding of 12 sequential cases of large AGs in a stereotypical location in the dorsal SSS is intriguing (particularly given the similar locations of previously reported cases), any further discussion of a common developmental etiology is speculative (as detailed above). Another limitation is the lack of pathologic correlation. The AGs in our study closely match previous reported cases, and the imaging findings are consistent with previous pathologic descriptions. The point of emphasis is that large AGs can occur in this position and may be mistaken for other pathology, but a careful analysis of imaging characteristics should lead to the correct diagnosis.
Conclusion
Large AGs in the dorsal SSS occur rarely but can be mistaken for pathology. Imaging features include CSF-like signal intensity, identification of direct extension of the subarachnoid space into the granulation, focal absence or rent in the sinus dural margin, intrinsic vessels or channels, identification of directly adjacent cortical veins, typical location near the lambda, calvarial remodeling when large, and associated SSS septation or duplication. The characteristic location of dorsal SSS AG in this series and other reported cases suggests a common developmental etiology. Although commonly causing sinus stenosis, the relationship to patient symptoms remains uncertain.
